Rapid urbanization has caused the reduction of green spaces in most cities, disrupting the structure and process of urban and rural ecosystems. The accurate identification of spatiotemporal changes in green spaces is important to delineate future management and planning. We investigated green space types of the Beijing-Tianjin-Hebei region in 1995, 2000, 2005, 2010, and 2015 based on the elevation data and land use/cover for those years. Spatiotemporal changes in these identified green spaces between 1995 and 2015 were evaluated as well as the spatial hotspots of disappeared and unstable green patches. The results indicate that the cultivated land in plains and forests and cultivated land in medium-high mountainous areas were the main green space types in the Beijing-Tianjin-Hebei region during the period from 1995 to 2015. A large number of green spaces, in particular cultivated lands, in the peripheral areas of big cities were replaced by construction sites over the past 20 years. Hotspots of unstable green spaces were mainly distributed in the western and northern mountainous areas of the Beijing-Tianjin-Hebei region, where green spaces changed from one type to another. These findings provide an important reference for the management and planning of land and green spaces towards an integrative and collaborative development of the Beijing-Tianjin-Hebei region.
Introduction
The ongoing rapid urbanization has caused ecological and environmental problems in most cities in recent decades, such as increasing the risks of floods, air pollution, and biodiversity decline [1, 2] . Most of these problems are associated with the decreased amount of green spaces [3, 4] . Green spaces such as cropland and woodlands can be defined as a land surface layer mainly covered with vegetation, including various combinations of natural and semi-natural areas. Studies have shown that green spaces play an important role in purifying air, regulating climate, reducing noise, biodiversity conservation, etc. [5] [6] [7] Particular types of green spaces can offer diverse opportunities for human life [8] . However, the trend of quickly disappearing green spaces has been indicated in most studies due to urbanization [9, 10] . The loss of green space has not only changed the coverage pattern of the land surface layer, but also directly deprived the habitats for creatures and degraded ecosystem services [11] [12] [13] [14] . Knowledge of green spaces is essential for maintaining the stable and healthy development of ecosystems.
Land-use/cover change is one of the main factors leading to green space changes [3] ; therefore, identifying land-use/cover change over time is important for green space planning and management. Satellite remote sensing techniques and geographical information system (GIS) have been widely
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Research Area Overview
The BTH region is located in the northern part of China's North China Plain, including the Beijing and Tianjin municipalities and 11 prefecture-level cities of Hebei Province, as shown in Figure 1 . The total area of the BTH region is approximately 21.49 × 10 4 km 2 (China City Statistical Yearbook 2017), amounting to approximately 2.2% of China's total land area. In this region, the climate condition is consistent across the areas, but the elevation differs significantly. The climate in the BTH region is a typical temperate semi-humid/semi-arid monsoon climate with four distinct seasons. There are diverse elevations across the region. The terrain slopes from northwest to southeast with the highest point reaching 2840 m, and the plain areas are mostly below 50 m.
There are various types of landscapes in the BTH region. The northwestern part includes plateaus, mountains, hills, basins, and valleys, while the central and southeastern parts include plain areas with cities, cultivated land, coastal tidal mudflats, and coastal wetlands. The types of green spaces formed due to the variation in elevation are also very diverse. The cultivated land in the plain occupies the largest area in the BTH region, amounting to one-third of the total area. The forestland and cultivated land in medium-high mountains occupy the second and third largest areas among the green space types, respectively. Grasslands in low and medium-high mountains distributed in the northern parts of the BTH region are also the major green space types. 
Data Sources
The land use data covering the BTH region for the years 1995, 2000, 2005, 2010 , and 2015 used in this study were extracted based on the Landsat images (resolution 30 m). The supervised maximum likelihood algorithm in the ENVI software was used to extract six different land-use/land-cover types with 24 subcategories: Cultivated land (including paddy and irrigated field, and dry field), forestland (including woodland, shrubbery, sparse forestland, and other forestland), grassland (including highcoverage grassland, medium-coverage grassland, and low-coverage grassland), waters (including river channels, lakes, reservoirs, mudflats, and beaches), built-up land (including urban construction land, rural residences, roads, isolated mining, and other construction land), and unused land (including sand land, saline-alkali soil, barren land, bare exposed rock or gravel, and others). A stratified random sampling approach was used to determine the accuracy of the land-use classification data. Five hundred pixels extracted from each classified image were compared to the visual interpretation results and summarized into land use data accuracy reports. Finally, the overall accuracy of the data is approximately 87%. In addition, the Digital Elevation Model (DEM) data of 30 m resolution were also used in this study. 
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Methods
Identification of Green Space Types
Topography and land use/cover are the main factors influencing the characteristics of green space types. In this study, a spatial overlay analysis was performed on the image layers of topography and land use/cover to identify green space types. The topographic image layers were classified using DEM elevations based on the principles of completeness and universality. The classification standard is as follows: Plains (0-100 m), hills (100-400 m), low mountains (400-1000 m), medium-high mountains (1000-3500 m), and high mountains (>3500 m). Land-use/cover layers were obtained by using the land-use first-class classification data. After the overlay calculation using the ArcGIS software, 30 types of land-use/cover were identified, and each type was named according to the "land-use/cover type and topographic type". The name codes are shown in Table 1 . The first letter in each code represents the type classified using the land-use/cover data, and the second subscript word represents the type classified using elevation data. Considering the definition of green space, cultivated land, forest, and grassland incorporated with different topographic characteristics were taken as the green space types. 
. Analysis of the Changes in Green Space Types
To determine the rate of green space change, the percentage changes of green space per ten years were summarized from the classification results during three time periods : 1995-2005, 2005-2015, and 1995-2015. Transfer matrices adequately reflect the structural changes in green spaces and the complex conversion processes between different green space types. In this study, transfer matrixes were used to analyze the transformations among different green space types in 1995-2000, 2000-2005, 2005-2010 , and 2010-2015 using the ArcGIS software. Only the land use data of the first-level classification mentioned in Section 2.2 were used in the matrix analysis because the subcategories are too large for the analysis. The matrix reflects that one type of green space type transforms into other types at the beginning and end of a certain period.
Identification of Green Space Dissipation and Unstable Change Hotspots
The green space patches that disappeared during 1995-2015 were extracted using the spatial analysis tool of the ArcGIS software to further identify the dissipation characteristics of green spaces in the BTH region. The kernel density of the disappeared green space patches was analyzed to detect the hotspots where the disappeared patches were aggregately distributed. Moreover, the spatial agglomeration of unstable green space patches was analyzed. Similarly, the converted patches of different types of green spaces during 1995-2015 were extracted using the spatial analysis tool of the ArcGIS software to further determine the spatial distribution of the conversion between different types of green spaces. Afterward, the kernel density of patches was analyzed to detect the hotspots of unstable changes in green spaces in the BTH region.
Results
Green Space Changes
The types and distribution of green spaces in the BTH region during different periods are shown in Figure 2 . Between 1995 and 2015, the area of built-up land in the BTH region significantly increased from 15,164 km 2 in 1995 (accounting for 7.04% of the total area) to 28,435 km 2 in 2015 (accounting for 13.21% of the total area). It is particularly evident near the big cities such as Beijing, where construction land expanded extremely rapidly. A large number of green spaces were occupied due to the rapid expansion of built-up land. Between 1995 and 2015, the cultivated land (C Plain ), forest (F Plain ), and grassland (G Plain ) in plain and cultivated land in hill (C Hill ) showed a strong decreasing trend, see Table 2 . The reduction in cultivated land (C Plain ) was the highest among the green space types, from 74,459 km 2 in 1995 (accounting for 34.58% of the total area) to 66,376 km 2 in 2015 (accounting for 30.69% of the total area). The highest reduction rate occurred in the grassland in plain (G Plain ), which decreased by 54.98% from 1995 to 2015. The areas of forest in hill (F Hill ) and grassland in low mountain (G L-mountain ) and forest in high mountain (F H-mountain ) decreased only slightly. The areas of cultivated land in medium-high mountain (C M-mountain ) and high-mountain (C H-mountain ), forest in low-mountain (F L-mountain ), and the total area showed no obvious change. In contrast to most of the green space types, the areas of forest in medium-high mountain (F M-mountain ) and grass in high-mountain (G H-mountain ) showed an increasing trend, from 20,687 km 2 
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Spatiotemporal Transitions of Green Spaces
Results of transformations among different land use/cover types in different time periods are shown in Tables 3-6 . In order to clearly show the transformations, the size of the transition area is marked by a color background in these four tables, where red indicates a sharp change, gray indicates a small change and white indicates no change, while blanks indicate that this type of land use/cover does not exist. The land-use/land-cover transfer matrix for the periods 1995 to 2000 is shown in Table 3 . The rows indicate that the area of the first type in 1995 transformed to all other types in 2000. Under the urbanization pressure, a large amount of cultivated land in plain was transformed to built-up land with an area of 2709 km 2 . As shown in the spatial distribution of green space type changes, detailed in Figure 3 , the transfer-out of cultivated land in plain mainly occurred in the suburbs of large cities. The occupation of green spaces by built-up land was particularly evident, especially in the surroundings of the built-up areas of Beijing and Shijiazhuang. The grassland and forest in plain were also turned into built-up land. However, the magnitude was relatively small, and the positions were relatively scattered. In addition, 100 km 2 of cultivated land in plain was turned into forest, while 92 km 2 of forest in plain was turned into cultivated land, thus achieving a balance. From 2000 to 2005, the green space types that changed gradually grew in number, see Table 4 . The persistently most obvious change was that the green spaces in plain were turned into built-up land, evident by the decreasing amount of cultivated land. In the meantime, large areas of grassland in the medium-high mountain were turned into cultivated land. These changes show that the urban development in this period was conducted in two ways simultaneously; by occupying the cultivated land for construction purposes and reclaiming the mountain grassland as cultivation land. As shown in the spatial distribution of green space type changes, the construction land in the suburbs of Beijing and Tianjin significantly expanded in this period. From 2005 to 2010, the changes in green spaces in the BTH region extended to the western mountainous region. Accompanying the transformation of large areas from cultivated land into built-up land in plain, the cultivated lands in hills and mountains were also transformed into grassland, as shown in Table 5 . Additionally, the forestlands in low and medium-high mountains were also turned into grasslands, while the cultivated land and grassland in low and medium-high mountains were turned into forestland. Therefore, in this period, the spatial distribution of grassland and forest in low and medium-high mountains changed. One noticeable dynamic in green space change from 2010 to 2015 apart from the cultivated land in plain being occupied by built-up land in the BTH region is that the built-up land began to be changed to cultivated land, as shown in Table 6 . At the same time, the cultivated land and forest in low and medium-high mountains were changed to grassland, while the grassland in low and medium-high mountains was also changed to cultivated land and forest. This indicates that the development of green space types in the BTH region was dominated by internal restructuring during this period. Particularly, the changes from cultivated land to forest and from grassland to forest in medium-high mountain areas in the northwest of the BTH region were most obvious. 
Hotspots of Spatiotemporal Evolution of Green Space
Between 1995 and 2015, the disappeared green space patches in the BTH region were concentrated in the central and southern plain regions, as shown in Figure 4 . The northern, eastern, and southern regions surrounding Beijing's central urban area were the largest hotspots of green space disappearance in the BTH region. Other major hotspots included the coastal area of Tianjin and the regions surrounding the central urban area of the prefecture-level cities of Shijiazhuang and Tangshan in Hebei 
Between 1995 and 2015, the disappeared green space patches in the BTH region were concentrated in the central and southern plain regions, as shown in Figure 4 . The northern, eastern, and southern regions surrounding Beijing's central urban area were the largest hotspots of green space disappearance in the BTH region. Other major hotspots included the coastal area of Tianjin and the regions surrounding the central urban area of the prefecture-level cities of Shijiazhuang and Tangshan in Hebei Province. Additionally, the margins of built-up areas of prefecture-level cities in Hebei Province were the hotspots of green space patch disappearance. Many such hotspots with low intensity were widely distributed in the southern plain area of the BTH region. Compared with the distribution of hotspots of green space disappearance in the southern plain region, the green space disappearance hotspots in the northern mountainous region were more concentrated in the areas along the Beijing-Zhangjiakou highway and in scattered spots in the southeastern area of Chengde.
The hotspots of unstable green space changes, as shown in Figure 5 , indicate that the northwestern and northeastern mountainous areas in the BTH region were the main hotspots of green space internal transfer between 1995 and 2015. The hotspots in these regions are characterized by a high intensity, large area, and concentrated distribution, indicating that the internal restructuring between green space types in this period was not random. In addition, the hotspots of unstable green space changes were also sparsely distributed in the northern mountainous areas of Beijing and the coastal areas of Tianjin. These hotspots are characterized by low intensity, small area, and scattered distribution. No obvious hotspots of unstable green space changes were present in the southern plain area of the BTH region.
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Discussion
Among the green space types in the BTH region, the cultivated land in plain has the largest area and the most extensive distribution. Cultivated land is an important green space and spatial basis for preserving the ecosystem services and social economic development in the southern plain region. This not only has the function of producing food but also serves as the habitats for many species and the leisure space for urban and rural residents [23] [24] [25] . However, after nearly 20 years of rapid urbanization, the cultivated land in the suburbs of big cities in the BTH region has been massively occupied by built-up land. Currently, the BTH region is in an important period of integrated and coordinated development in ecology, society, and economy [26] . It is a crucial premise for the coordinated development of the BTH region to understand the position and function of cultivated land in plain. The multifunctionality of cultivated land should be fully developed, and the spatial distribution of different types of cultivated land in the suburbs, outer suburbs, and mountainous areas in the outer suburbs of big cities should be rationally optimized.
The mountainous areas in the northwestern part of the BTH region were the hotspots of internal conversion between green space types. A large amount of cultivated land was turned into grassland and forestland, while the grassland was changed to forestland in the medium-high and high mountains. This finding indicates that in the past 20 years, the important ecosystem service functions of forests and grass in the northwestern mountainous areas have received attention. To improve the ecosystem services in the BTH region, several land use policies have been implemented to increase the area of forest and grassland, such as Returning Farmland to Grassland and the Grain for Green Project. These policies have effectively increased the area of green spaces in the past 20 years [26] . However, the improvement in the ecosystem service is not only correlated with the area of green space but also depends on the types of green space [21, 27] . Li et al. [22] indicated that the forest and grassland in the 
The mountainous areas in the northwestern part of the BTH region were the hotspots of internal conversion between green space types. A large amount of cultivated land was turned into grassland and forestland, while the grassland was changed to forestland in the medium-high and high mountains. This finding indicates that in the past 20 years, the important ecosystem service functions of forests and grass in the northwestern mountainous areas have received attention. To improve the ecosystem services in the BTH region, several land use policies have been implemented to increase the area of forest and grassland, such as Returning Farmland to Grassland and the Grain for Green Project. These policies have effectively increased the area of green spaces in the past 20 years [26] . However, the improvement in the ecosystem service is not only correlated with the area of green space but also depends on the types of green space [21, 27] . Li et al. [22] indicated that the forest and grassland in the BTH region has a lower water-retention capacity because up to 60% of forest was shrubs and sparse forest and more than 80% of the grassland was in a low-to-medium coverage. Thus, the quality and distribution of green space should be considered when green policies are planned and implemented.
Despite the increased forestland in mountainous areas, a slight amount of forestland was transferred into the southern plain area in the BTH region. In recent years, with the rapid urbanization and wide expansion of construction land, a series of ecological and environmental issues have emerged, such as water shortages, air pollution, and reduced biodiversity in the BTH region [21, 28] . How to safeguard and enhance the ecological security and strengthen the construction of plain forestland are unavoidable issues for the current development of the BTH region. To improve the green space conditions, some strategies have been implemented by the government in several cities in the BTH region. For example, an afforestation project was implemented by the Beijing government at the beginning of 2012 to increase almost 67 thousand hectares of forestland in plain within five years. Since the enforcement of this project, some built-up land and grassland in plain were turned into forest during the period of 2010-2015. However, this project was only implemented in Beijing. More green space planning strategies and conservation plans are still needed in other cities. Furthermore, a comprehensive view of the spatial distribution of green spaces in the BTH region suggests that ecological forests should be constructed in the outer built-up areas of large cities in the southern plain area, and the areas between city groups should be strengthened. For example, ecological corridors such as green belts along the major river channels, important traffic routes, and coasts should be maintained and strengthened, and the preservation of forests in various wetlands, water conservation areas, and water source areas should be enhanced, so that a network of ecological security patterns in the plain area can be further established.
In this study, the spatiotemporal dynamics of green spaces in the BTH region were evaluated with the support of Geographic Information System (GIS) technology. Previous studies revealed the spatial evolution of green spaces by using the land-use/cover data and did not consider the differentiation effect of vertical elevation on green spaces. Compared with the previous studies, the green spaces in this study were redefined by using the elevation and land-use/cover properties. This further illustrates the evolution and differentiation of green spaces under the influence of elevation gradients and provides more sensitive references for land management in the integrated and coordinated development of the BTH region. However, due to the limitation of research scales and data accuracy, the evolution of green spaces inside the urban built-up areas cannot be fully explored in this study. In fact, green space changes are affected by many complex factors such as population, economic, political structures, and values [29, 30] . The social and economic driving mechanisms of green space evolution in the BTH region should be further discussed in future studies.
Conclusions
The green spaces in the BTH region have changed significantly during the time period of 1995-2015. Cultivated land is the main green space in the plains of the BTH region, and a large area was turned into built-up land, mainly in the suburbs of large cities. In particular, the cultivated land in plain surrounding the central urban areas of Beijing and Tianjin was mainly transformed into built-up land, accounting for the majority of the reduction in the green spaces in these regions. The highest reduction rate of green space occurred in the grassland in plain, which decreased by 60% from 1995 to 2015. The disappeared grassland was mainly turned into built-up land during the period 1995-2010 and cultivated land and built-up land during the period 2010-2015. In contrast to the declining trend for most green space types, the areas of forest in medium-high and high mountains showed an increasing trend from 1995 to 2015, and the increased forestland was mainly transformed to cultivated land and grassland. The changes between green space types mainly occurred in the western and northern mountainous areas of the BTH region.
Overall, the margins of the central urban areas of large cities such as Beijing, Tianjin, and Shijiazhuang were the hotspots of green space disappearance in the BTH region between 1995 and 2015. The northern and northeastern mountainous areas were the hotspots of internal transfer between green space types, i.e., the hotspots of unstable green space changes.
